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INTRODUCTION. 
The methods of so-called differential pressure which were intro- 
duced  several  years  ago  into  experimental  'and  practical  surgery 
of  the  thoracic cavity,  contain  an  obscure  point  which  is  in  need 
of  elucidation.  All  the  present  writers  on  the  subject  of  differ- 
ential  pressure  seem to  assume  as  granted  that  the  danger  of the 
open  thorax  is  brought  about  by  the  collapse  of  the  lungs,  and, 
since  under-pressure  as  well  as  over-pressure  keeps  the  lungs  in- 
flated,  nobody seems to  find it surprising that  both  these methods 
are capable of obviating this danger.  This assumption, however, is 
based  upon a  confusion of two  independent sequences to  one  and 
the same cause, and is entirely erroneous.  I't is true that the lungs 
in the  normal thorax  fill  out the  entire  cavity,  and  it  is  also  true 
that the opening of the cavity leads  (I)  to a  collapse of the lungs 
and  (2)  to  dyspnea and  death.  But  it  is  a  mere confusion, very 
widely spread,  of two  facts to  assume that the dyspnea and  death 
are  due  to  the  collapse  of  the  lungs.  Dyspnea  and  death  are 
caused by the circumstance that the respiratory changes in the vol- 
ume  of  the  thoracic  cavity  are  now  compensated  through  the 
artificial openings in the thorax and not by the way of the normal 
respiratory paths.  Simple  collapse  of the  lungs  need  not  lead  to 
death.  A  simple  experiment  will  demonstrate  this.  Take  for 
instance  the  dog,  an  animal  that  usually ,succumbs  to  a  one-sided 
pneumothorax.  If  the  pleura  is  opened  widely  on  one  side,  the 
* Received  for  publication,  September  6,  I9II. 
569 570  Status  of Respiration. 
corresponding  lung  collapses  to  a  considerable  degree,  and  fre- 
quently the  respiration  soon  becomes very  labored  and  dyspneic; 
the  life  of  the  animal  is  then  in  immediate  danger.  But  now 
close the opening in the thorax tightly by the skin flap, or by some 
other  efficient  method,  and  the  animal  quiets  down  immediately 
and  normal  respiration  prevails  in  a  minute  or  two.  The  air  is 
not aspirated  from the pleural cavity,  nor could  it be  absorbed  in 
this short time; it is still there and keeps the lung collapsed; never- 
theless, the animal is restored to rest and tranquil breathing.  It is 
evident that  it  was  not  the presence of  air  in  the  thoracic  cavity 
and the consequent collapse of the lung which caused the stormy, 
dangerous manifestations.  It  was the wide opening in the thorax 
that  caused the  trouble,  the  inspiratory  distension  of the  thoracic 
cavity  aspired  air  into  the  pleural  cavity through  the  opening  in 
the thoracic wall instead of through the trachea into the lungs, and 
the  expiratory  compression  of  the  chest  drove  out  air  from  the 
pleural cavity instead of the vitiated air  from the lungs.  Only an 
open  pneumothorax  causes  dyspnea;  when  the  cavity  is  closed, 
even though the lungs have been recently collapsed, an inspiration 
will still cause some distension of the lungs and an aspiration of air 
into  them,  and  an  expiration  will  cause  a  compression  of  the 
lungs  and  a  removal of  the  carbon  dioxid-laden  air.  In  experi- 
ments on rabbits,  Hellin  1 noted that  some of the animals survived 
even  after  the  collapse  of  both  lungs  (double  pneumothorax), 
when the opening of the second pleural cavity was made after the 
opening  into  the  first  was  closed.  The  same  author  collected,  a 
few  years  ago,  2  from  the  surgical  literature  a  large  number  of 
clinical  cases  of  patients  who  survived  a  double  pneumothorax. 
We may recall here the  fact that  in  recent years  the attempt has 
variously  been  made  to  institute  a  one-sided  pneumothorax  as  a 
therapeutic means in certain cond'itions ,of  pulmonary tuberculosis. 
Murphy,  3 who has been among the first to recommend this method 
of treatment, insisted that  "the pneumothorax, per se,  does  abso- 
lutely no harm,"  and that "it is the absence of respiratory change 
I Hellin, Berl.  klin.  l/Vchnschr.,  19Ol, xxxviii,  lO2O. 
Hellln, Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  19o7, xvii, 414. 
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that makes the  condition a  dangerous one."  Sauerbruch,  4  in  his 
extensive  studies  on  the  pathology  of  the  pneumotborax  which 
led up to the development of his under-pressure method, seemed to 
have come to  the conclusion that,  indeed, the collapse of the lung 
is the cause of the dyspnea of the one-sided pneumothorax; but, in 
his  opinion,  the  dyspnea is  caused  not  by  the  elimination of  the 
respiratory capacity of  the  collapsed lung,  but  by the  fact that  a 
~ood deal more blood flows through the vessels of a collapsed lung 
than through a  normally distended one and tha~t in consequence in 
a  one-sided  pneumothorax an  insufficient volume  of  blood  flows 
through the lung in  the  closed pleural  cavity.  That this  view  is 
incorrect is  shown by Seidel,  5 who clamped the artery of the col- 
lapsed  lung without bringing out  any change in  the  condition of 
the  dyspnea.  Sauerbruch  a~ctaches much  importance  also  to  the 
elimination of  the  vagus  reflex in  the  collapsed  lung  which  nor- 
mally controls the respiratory tonus.  We may remind the  reader 
here  of  the  fact  that  section  of  the  vagus  on  one  side  ,exerts 
practically no  effect upon the  respiration.  It  is  noteworthy that 
Sauerbruch apparently has  not availed himself of the above men- 
tioned  simple  experiment of  closing  the  opening;  it  would  have 
demonstrated to  him that the  dyspnea is  due to  the  thorax being 
open and not to the collapsed condition of the lung. 
We may say, however, that it was  fortunate for us that  Sauer- 
bruch  entertained the  belief  in  the  danger of the  collapse  of  the 
lungs.  Otherwise  he  would  not  have  conceived  the  idea,  and 
consequently not have discovered the fact, that a  stationary disten- 
sion of the lungs  is  capable of keeping the  animal alive and  free 
from dyspnea, even when both pleural cavities  remain wide open. 
And now we come to the obscure point mentioned at the beginning 
of this  discussion.  For clearness'  sake,  let us  recapitulate briefly 
our  foregoing analysis.  The  opening  of  the  thorax  causes  two 
conditions--~the collapse of the lungs  and the  establishment of an 
exchange of air through the wide opening in the thoracic wall in- 
stead  of through the lungs.  It  is  evident, on the  one hand,  that 
the  dyspnea and  the  danger which  opening  of  the  thorax brings 
4  Sauerbruch, Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chlr.,  I9o4, xiii, 399. 
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about come essemially, if not exclusively, from the latter condition. 
On the other hand, we are confronted with the undeniable fact that 
a  simple redistension of the lungs, be it by under-pressure or over- 
pressure, abolishes the dyspnea and sustains the life of the operated 
animal  or man,  even if  both  pleural  cavities  remain  widely open. 
The  point  which  now  demands  elucidation  is  the  question,  How 
can the mending of the collapse of the lungs be of any assistance 
to the difficulties of the respiration arising  from the  free access of 
air  to  the  pleural  cavities?  Even  with  widely  distended  lungs, 
with  each  inspiratory distension  of  the chest cavity,  air  will  rush 
with incomparably greater facility through the wide opening on the 
chest  than  into  the  lungs.  The  same  is  true  for  expiration;  the 
air will rush out more readily from the wide artificial opening of the 
pleural  cavities  than  from  the  lungs.  How,  then,  is  the  proper 
exchange  of  gases  within  the  lungs  accomplished  by  the  aid  of 
the  methods  which  seem  to  accomplish  nothing  but  a  certain 
degree of constant distension of the lungs?  With the exception of 
Sauerbruch, none of the numerous writers on the problems of dif- 
ferential pressure, has, to our knowledge, even as much as touched 
upon this  problem.  Sauerbruch,  however, was  so  profoundly im- 
pressed with the difficulty that he was at first inclined to accept the 
notion that the lungs are capable of distending and collapsing by a 
neuro-muscular mechanism of their own,  and  that  the  respiratory 
mechanism  of  the  thorax  was  merely  a  non-essential  accessory. 
This  idea  Sauerbruch  discarded,  however,  after  finding  that  the 
respiratory  movements  of  the  lungs  ceased  completely  after  re- 
moval of the entire thorax. 
Sauerbruch's final explanation of the puzzling problem we shall 
mention later,  after  reporting the  results  of our  own experiments 
which have some bearing upon this  question. 
EXPERIMENTAL  OBSERVATIONS. 
From  the  surgical  literature,  we  gather  the  impression  that  in- 
trathoracic operations under differential pressure,  those performed 
upon the inferior lobes of the lungs or upon the lower part of the 
esophagus,  seem  to  have  had  a  decidedly greater  mortality  than 
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of  the  thorax.  On  the  basis  of  the  hypothesis  that  the  normal 
position of the inferior lobes of the lungs is an essential requirement 
for the success of differential pressure, we carried out a  number of 
experiments in  which the relations  of the lower lobes  were inter- 
fered  with.  The  effect of  the  procedure  was  tested,  in  parallel 
experiments, under the Brauer method of over-pressure and under 
our method of intratracheal insuffiation. 
Methods.--The  observations  were  made  on  dogs  which  were 
under the influence of ether anesthesia throughout the entire experi- 
ment.  The over-pressure procedure was the same as that employed 
on animals by Brauer.  6  One branch of a T  tube was introduced into 
the trachea of the animal and the other was connected with the tank 
of an air pump,  which thus  sent a  stream of air  into  the trachea. 
The third branch of the T  tube was connected with a piece of rubber 
tubing,  the  free end of which was  submerged under about  ten  to 
fifteen centimeters  of  water.  The  air  stream  was  in  most  cases 
continuous--as is the rule in Brauer's method.  In a  few instances, 
the stream was interrupted about twenty times per minute. 
Regarding the  details  of the  insuffiation method,  we shall  refer 
to  a  previous paper on the subject/  We shall  expressly mention 
that the air stream was interrupted about ten times per minute, the 
interruptions being of short duration and permitting only a  partial 
collapse of the lungs. 
The  incisions  were  made  in  the  fifth,  sixth,  or  seventh  inter- 
costal spaces.  In no case was the sternum transected or the ribs re- 
sected;  but  the  entrances  into  the  pleural  cavities  were  made 
fairly wide. 
Results.--Of the nineteen dogs which were subjected to a  double 
pneumothorax under the Brauer method, eighteen continued to live 
in  a  normal slate  of  respiration  until  they were otherwise experi- 
mentally interfered with.  One dog died under symptoms of severe 
dyspnea  sixteen  minutes  after  the  left  pleural  cavity  alone  was 
opened.  The Brauer method proved in our experiments practically 
to  be  as  efficient as  is  generally claimed  for  it.  The  chief result 
obtained in our experiments consists in the practically and theoretic- 
e Brauer,  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  19o4,  xiii,  483. 
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ally  important  fact  that  a  complete  dislocation  of  the  lower  lobes 
of  the  lungs  leads  invariably  to  a  fatal  termination  under  the 
Brauer  method,  while  it  has  no  detrimental  effect  under  our 
method  of  insufflation.  This  fact  as  well  as  a  few  other  results 
of  varying  importance  are  well  illustrated  by  some  abbreviated 
protocols of experiments which we shall reproduce here. 
Experiment z.--Dog,  weight  14  kilos.  Brauer  method;  constant  air  stream 
under pressure of 15  ram.  of mercury;  lateral tube under  15  cm.  of water. 
12:1o.  Both vagi exposed in the neck;  intact. 
I2: 15.  Respiration  72,  pulse  144.  Stimulated  left  vagus  with  induction 
current  (I  Daniell,  Petzold  apparatus).  At  4o  ram.  coil  distance,  slowing 
of heart;  at 30 ram., at first  complete  inhibition,  later escape  and  slowing. 
i2:24.  Left chest,  and  I2:29,  right chest widely  opened  in  fifth intercostal 
space. 
12:3o.  Respiration  44,  pulse  14o  per  minute;  regular. 
12 : 42.  Stimulated left vagus,  intact ; 8o mm. coil distance,  no effect ; 60 ram., 
strong  stoppage  of heart  with  escape. 
12 : 44.  Both  vagi  cut. 
12: 49.  Respiration  21,  heart  22o  per  minute. 
12: 53-  Stimulated  peripheral  end  of  left  vagus;  80  ram.  coil  distance, 
strong  stoppage,  followed  by marked slowing;  ioo  ram.  coil  distance,  no  effect. 
12:54.  Hand  introduced  into  chest,  posterior mediastinum  torn,  both  lower 
lobes of lungs freed and delivered  outside  of the chest through the correspond- 
ing  openings. 
12:57.  Respiration  stopped,  heart  feeble. 
12: 59-  Heart stopped. 
In this experiment, an animal with an open double pneumothorax 
under  an  over-pressure  arrangement  continued  to  be  apparently 
in a  normal state for twenty-five minutes.  However,  after  freeing 
both  lower lobes  and  pulling them into  the  openings  of the  thorax, 
the  respiration  stopped  after  three  minutes,  and  the  heart  stopped 
two minutes later,  although  on account of the presence of the lungs 
in the  openings  the  exchange  of  air through  these  operations  must 
have  been  somewhat  restricted.  Death  could  not  have  been  due 
to  reflex action on either heart or  respiration,  since both  vagi  were 
cut  before  the  lower  lobes  were  freed.  It  should  be  noticed  that 
the  respiration  stopped  before  the  complete  failure  of  the  heart. 
Another  point  worth  noticing  in  this  experiment  is  the  fact  that 
very  effective  stimulations  of  the  intact  vagi  had  no  detrimental 
after-effect upon the animal as long as the lower lobes were in their 
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In  this  experiment,  the  lower  lobes  were  pulled  out  soon  after 
the vagi  were cut.  It  could be  claimed  that  the  immediately pre- 
ceding cutting of the vagi may have contributed  to the  fatal  issue. 
In the following experiment, the dislocation of the lungs  took place 
in  an  animal  with  intact vagi. 
Experiment 2.--Male dog, weight  12,ooo grams.  Brauer method; continuous 
air stream under pressure of  IO to  15 mm. of mercury and  12 era. pressure of 
the water valve; vagi intact. 
lO:44.  Left chest, and  IO: 55, right chest  opened widely in  sixth intercostal 
space. 
i1:o8.  Heart beats  12o, respiration  45 per  minute. 
II : 14.  Air stream interrupted for 3o seconds, lungs  collapsed:  heart slowed 
swiftly.  Air  stream  resumed;  no  respiration  for  a  number  of  seconds,  then 
slow  and  labored. 
ix:i6.  Heart 83,  respiration  22  per minute. 
II :22.  Heart  lO5, respiration  39  per  minute. 
II:47.  Heart  114, respiration 45  per minute. 
11:49.  Interrupted  air  stream  for  3o  seconds:  powerful  slowing  of  heart 
at  once. 
IX:52.  Heart 93,  respiration  33. 
II: 55.  Lower lobes  of  lungs  taken  outside  of  chest  and  held  there  with 
clamps  at  border of lobes.  Respiration  became  labored  at  once. 
II : 57.  Heart 42, respiration  6 per minute, very labored. 
12:00.  Heart 27,  respiration  4 per minute. 
12:o8.  Heart  69  per  minute,  feeble,  irregular.  No  respiration. 
12: 12.  No  heart  beats. 
In this  experiment, the lower lobes  of the  lungs  were pulled  out 
of the chest one hour after the establishment of the double pneumo- 
thorax.  Heart  and  respiration  continued  to all  appearances  to  be 
normal.  As  soon  as  the  lower  lobes  were  held  in  the  openings 
of the  thorax,  the respiration became labored and  slow;  it  stopped 
completely  after  thirteen  minutes,  and  the  heart  stopped  four 
minutes later.  We call attention to the fact that in this experiment 
an  interruption  for only thirty  seconds  had  a  considerable  effect; 
it  slowed  the heart  powerfully, practically at once,  and  both heart 
and  respiration did not return to normal  for many minutes. 
We  shall say that  in this  experiment as  well as  in the others the 
dislodged  lungs  remained  distended  and  that  only a  small  part  of 
them was  outside of the thoracic cavity; it  was  often necessary to 
apply  clamps  to  these  lobes  to  prevent  them  from  slipping  back 
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Experiment  3.--Dog,  weight  20  kilos.  Brauer  method;  constant  air  stream 
under  pressure  of  18  ram.  of  mercury  and  12  cm.  water  pressure. 
lO:43.  Left  side  of  thorax,  and  IO: 49,  right  side,  widely  opened. 
11:57.  Heart  beats  I3O  ,  respiration  63  per  minute. 
11:59.  Both  lower  lobes  delivered  outside  of  chest  wall. 
12:o6.  Heart  116, respiration  labored,  76  per  minute.  Lower  lobes  fre- 
quently  fall back  into position  and  have to  be  pulled  out  again. 
12:15.  Respiration  stopped;  heart  weak,  9  beats  per  minute. 
12: 17.  Again  a  few  convulsive  respirations. 
12: 18.  Dead. 
In this experiment, the animal survived the first pulling out of the 
lower  lobes  by  nineteen minutes, but  the  lobes  frequently slipped 
back  into  their  position  and  had  to  be  pulled  out  again.  This 
maneuver acted  apparently  as  a  sort  of  artificial  respiration  and 
assisted  somewhat in  the  prolongation of  life.  _At  first  the  pro- 
cedure of delivery seemed even to accelerate temporarily the respi- 
ration.  In this  experiment, the dislocation of the lung was  insti- 
tuted fairly soon after the opening of the thorax. 
Experiment  4.--Dog,  weight  8  kilos.  Brauer  method;  constant  air  stream 
under  pressure  of  15  ram.  of  mercury  and  15  cm.  for the  water  valve. 
2:16.  Both  pleural  cavities opened  widely. 
2:I8.  Heart  9o,  respiration  36  per  minute. 
2: 22.  Both  vagi cut. 
2:41.  Heart  144, respiration  IO  per  minute. 
2:42.  Both  lower  lobes  pulled  outside  of  chest. 
2: 48.  No  respiration,  heart  i2o,  getting  feeble. 
2:49.  No  femoral  pulse,  no  respiration. 
2: 5o.  No  pulse. 
The cutting of the vagi, which in this experiment, as in any of 
the other experiments, slowed the respiration, had for twenty min- 
utes apparently no deleterious effect upon the animal.  The pulling 
out of the lungs, however, stopped the respiration completely in six 
minutes and the heart in eight minutes. 
Experiment 5.--Male  dog,  weight 2,65o  grams.  Brauer  method;  constant  air 
pressure  of  2o  ram.  of  mercury,  and  15  cm.  pressure  of  water  valve. 
IO:3O.  Both  pleural  cavities  opened.  Vagi  intact. 
lO:35.  Heart  I4O, respiration  lO4 per minute. 
lO:45.  Stimulated  right  vagus  (intact)  with  8o  mm.  coil  distance;  strong 
slowing  of  heart  beats;  respiration  stopped  during  stimulation. 
IO:46.  Rubbing  pleura  on  both  sides  with  finger:  no  effect  upon  heart. 
11:3o.  Heart  148, regular;  respiration  76 per  minute. 
11:35.  Stimulated  left  (intact)  vagus  with  4o  mm.;  heart  and  respiration 
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H:4o.  Stimulated  various  parts  of pleura  with induced  current  at 40 mm. 
coil  distance;  no  effect  upon  heart,  practically  no  effect  upon  respiration. 
II:4I.  Both  vagi  cut. 
I2:oo.  Respiration  2o,  heart  I32, regular,  good.  Anterior  mediastinum 
torn  and  both  lower  lobes dislodged  and  pushed  up  into  the  chest. 
i2: 06.  Respiration  Io per minute;  lungs  and  blood  dark. 
I2:o8.  Heart  xo2, respiration  6  per  minute. 
I2: II.  No pulse  at  femoral  artery. 
i3: I3.  No  respiration,  heart  beats  very  feeble.  Attempt  to  redistend  the 
lung  by  compressing  the  tube  of  the  water  valve. 
t2:I5.  No  heart  beat. 
This  animal  with  double  pneumothorax lived  under  the  Brauer 
method  and  remained  in  good  condition  for  an  hour  and  a  half. 
Effective stimulation of the vagi,  cutting them, and stimulation of 
various parts  of  the  pleura  did  not interfere  with  the  favorable 
state.  But as soon as the  lower lobes of the  lungs  were dislodged 
and  pushed upward  within the  chest,  the proper exchange of gases 
was  profoundly interfered  with,  and  the  animal  died  fifteen  min- 
utes  later. 
The lower lobes  in  this  case did  not sink back into their  normal 
place,  although  they  were  not  fixed  in  their  new  position.  The 
fixing of the  dislodged  lower lobes  at  a  higher position  within the 
closed  thorax  proved  in  two  instances  to  be  rather  a  favorable 
procedure. 
Experiment 6.--Dog,  weight  5 kilos.  Brauer  method;  constant  air  pressure 
at  20  ram. of  mercury  and  I5  cm.  of  water. 
IO:43.  Both  pleural  cavities  opened widely in  the  seventh  intercostal  space. 
Io: 5o.  Heart  90,  respiration  32,  lungs  well $istended.  Lower lobes freely 
detached,  and  by means  of a  strip  of gauze  carried  through both  openings be- 
tween the  lungs and  diaphragm,  the  lower lobes were kept  dislodged.  In a  few 
minutes  respiration  stopped completely and  the  heart  became  slow  and  feeble. 
The  strip  of gauze  was  then  pulled  upward  tightly  and  secured  so  as  to  keep 
the  lower  lobes well fixed within  the  thorax  above  the  opening.  Respiration 
soon  returned,  somewhat  labored, but  apparently  efficient;  the  heart  beats 
strongly  again. 
II :20.  Gauze relaxed;  respiration  stopped  after  two  minutes;  the  heart 
stopped about a minute  later.  Various  attempts  at resuscitation  (artificial  respi- 
ration,  insufflation, massage  of  the  heart,  adrenalin  into  the  heart,  etc.)  failed. 
The  securing  of  the  lower  lobes  within  the  upper  part  of  the 
chest was apparently a  life  saving procedure,  death  following soon 
after the loosening of the supporting gauze strip. 
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experiments with the Brauer method to  resuscitate the animals by 
means  of  insufflation  or  artificial  respiration,  etc.,  but  we  failed 
in every case. 
With  regard  to  our  method  of  insufflation,  besides  the  experi- 
ments which were made expressly in this  series, we have observed 
on many other occasions that it is entirely indifferent to the success 
whether the  lungs  are  within  or  without  the  thoracic  cavity;  the 
simple  fact  that  curarized  dogs  are  able  to  live  for  many  hours 
under  the  insufflation  method  is  an  all-sufficient  proof  that  the 
activity of  any of  the  respiratory muscles  can  be  dispensed  with 
when using this method.  However, for the sake of comparison and 
demonstration, we shall reproduce here a  few protocols  of the ex- 
periments made with the method of insufflation.  This is the more 
justifiable,  since  these  experiments  will  bring  to  light  some other 
instructive points bearing upon our problem. 
Experiment  7.--Dog,  weight  9,700  grams.  Insuffiafion  method;  constant  air 
stream  occasionally  interrupted;  pressure  25  to  35  ram.  of  mercury. 
11:38.  Both  pleural  cavities  wide  open. 
I2:I 3.  Heart  I23,  respiration  42  per  minute. 
12: 15.  Insufflation  interrupted  for  one  minute;  heart  slowed  strongly  (but 
not to the same  degree  as  in  experiment  2 with  the  Brauer  method,  when  inter- 
rupted  only  for  3o  seconds). 
I2: 21.  Heart  90,  respiration  24. 
12:24.  Insufflation  stopped  for  one  minute;  heart  slowed  strongly. 
12:38.  Heart  lO2,  respiration  36. 
12:42.  Insufflation  stopped  for  9o  seconds;  heart  slowed  very  strongly 
towards  end. 
12:45.  Heart 81,  respiration 24. 
12:49.  Both  lower  lungs  taken  out  of  chest  and  held  by  clamps. 
12 : 53-  Heart  9o,  respiration  9. 
I:IO.  Administered  (by  mistake)  6  mgr.  of  atropin. 
I : 15.  Heart  72 per minute.  Started interruption  of air stream, 2o per min- 
ute regularly. 
1:3o.  Heart  132, respiration  12  per  minute;  lungs  pink. 
1:35.  Heart  124, respiration  2o. 
2:03.  Stopped  insufflation  for  9o  seconds;  slight  effect  upon  heart,  did 
not  stop  respiration. 
2:o6.  Heart  lO8,  respiration  12  per  minute.  Animal  killed  by  clamping 
aorta. 
The animal lived about seventy-five minutes after removal of the 
lower lobes outside of the pleura1 cavities, and had to be killed; but 
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had to be introduced.  A  point of interest is the fact that a  com- 
plete collapse of the lung had an incomparably smaller effect upon 
the activity of the heart than in any of the experiments with  the 
Brauer  method.  Even  one  hour  after  the  removal  of  the  lower 
lobes,  a  collapse  of  the  lungs  lasting  ninety  seconds  had  no  grea~ 
effect upon the heart or respiration. 
Experiment  &--Dog,  weight  14,5oo grams.  Insuffiation  with  2o  remissions 
per minute; pressure IO mm. of mercury. 
11:55.  Both  sides  wide  open. 
12 : 48.  Heart  172, respiration 78. 
12:5o.  Stopped  insuffiation  for 2 minutes;  no  marked  slowing of heart. 
1:3o.  Heart  17o, respiration  72.  Insuffiation  discontinued  for  2  minutes; 
at  the  end,  heart  z54, respiration  66 per minute. 
1:55.  Both  lower  lobes of  lungs  removed outside  and  fixed by  clamps. 
2:28.  Heart  132, respiration  24  per  minute.  Respiration  easy;  condition  of 
animal  good.  Killed. 
Here  again  the  removal of  the lower  lobes  of  the  lungs  from 
their  position  had  no  palpable  effect  upon  the  condition  of  the 
animal and again a prolonged collapse of the lung had a  compara- 
tively  insignificant effect. 
Experiment  9.---Dog,  weight  12  kilos.  Etherized;  stopped  breathing.  Tube 
introduced  into  trachea,  started  insufflation  with  20  remissions  per  minute; 
pressure,  25  mm.  of  mercury;  chest  massaged. 
IO: 16.  Animal  breathes  spontaneously;  ether  now  given  with  insufflation. 
IO:25.  Both  pleural  cavities  opened  widely  in  fifth  intercostal  space. 
IO:3O.  Smaller  tube  inserted  into  trachea. 
12:o5.  Heart 172, respiration  18 per minute. 
12:o7.  Stopped  insufflation  for  90  seconds;  heart  slowed  and  then  stopped, 
respiration  stopped.  After  insufflation  started  again,  heart  began  to  beat  grad- 
ually;  trachea  compressed  a  number  of  times  to  distend  lungs. 
12: 13.  Heart  144, respiration  18  per  minute. 
12:15.  Insufflation  discontinued  for  one  minute;  heart  slowed  moderately, 
respiration  did  not  stop. 
12: 16.  Started insufflation; heart more rapid  at once. 
12: 35.  Both  lower  lobes  outside  of  chest,  held  by  clamps. 
12:45.  Heart  168, respiration  15  per  minute. 
1:45.  Animal in  good  shape;  fresh  ether  given. 
2: 34.  Heart  153;  animal  in  good  condition.  Killed. 
This animal, under insufflation, remained in good condition for 
about two hours after the lower lobes of the lungs were completely 
dislocated  and  about  four  hours  after  both  pleural  cavities  were 
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stopped  by  an  overdose  of  ether.  And  here  again  the  complete 
collapse  of  the  lungs  was  far  from  exerting  that  deep  influence 
which it exerts under the Brauer method, although in this experi- 
ment  the  influence was  more  pronounced than  in  the  other  two 
insuffiation experiments. 
In  the  protocols  of  the  experiments  with  the  Brauer  method, 
reproduced in the foregoing pages, the increase of pressure within 
the lungs was accomplished by a  constant air stream.  That is the 
way  over-pressure  usually  is  maintained by  the  so-called  Brauer 
method, and,  indeed, various  writers  on this  subject consider any 
variation  in  the  pressure  as  a  detrimental  complication  of  the 
method.  Unfavorable experiences, however, recently induced some 
surgeons,  8 in cases of failing respiration or circulation, to institute 
regular interruptions in the positive pressure which is  to  take the 
place of artificial  respiration.  We  shall  therefore reproduce here 
some  abbreviated  protocols  of  experiments  in  which  the  Brauer 
method was used with regular intermissions, not only under emer- 
gencies, but  throughout the entire experiment. 
Experiment  zo.----Dog,  weight  II,75o  grams.  Brauer  method  with  2o  remis- 
sions per minute;  I4 to 2o mm. of mercury pressure  of air supply and  I2 cm.  for 
the  water  valve. 
Io:  57.  Both  pleural  cavities  opened  widely. 
n:45.  Heart  I59,  respiration  63  per minute. 
I2:o4.  Air  supply  discontinued  for  one  minute;  heart  slowed  only  toward 
end  of  period;  respiration  quickened. 
I2 : I9.  Air supply discontinued  for 8o seconds : heart became extremely slow, 
respiration  did  not  stop.  After  starting  air  stream  again,  tube  o/ water  valve 
compressed  once  to  redistend  fully  the  collapsed  lungs. 
I2:23.  Heart  I5o,  respiration  48  per  minute. 
I2: 25.  Lower  lobes  of  lungs  pulled  out  of  chest  and  held  by  clamps. 
I2: 3o.  Heart  8o,  slightly  irregular,  and  respiration  I5  per  minute. 
IZ:35.  Heart  96,  and  respiration  9  per  minute. 
I2:4I.  Heart  63  per  minute;  no  respiration. 
I2:42.  No  femoral  pulse. 
I2:45.  No  ventricular  beats. 
With  2o regular  intermissions  per minute  of the positive pressure,  the  animal 
survived  the  dislocation  of  the  lower  lobes  only  by  I6  to  I8  minutes~  The 
prolonged  collapses  of  the lungs  proved,  however,  in these  experiments  less per- 
nicious  than  in  the  Brauer  method  without  remissions;  even  an  interruption  of 
8o  seconds'  duration  did  not  stop  the  heart  completely. 
Experiment H.---Dog, weight  I4,75o grams.  Brauer  method,  continuous pres- 
sure  supplied  by  oxygen  tank;  pressure  of  water  valve,  Io  cm. 
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IX:X8.  Both  pleural  cavities open. 
II :4  8.  Heart  8o,  r~splration  27,  slightly  labored.  Oxygen  pressure  slightly 
increased:  respiration  accelerated  at  once. 
12: o5.  Heart  178, respiration  36;  lungs  pink. 
12: o6.  Discontinued  gas  supply  for  one  minute:  heart  slowed  and  dilated. 
Pressure  increased  to  redistend  lung. 
I2: II.  Heart  96,  respiration 2o per minute,  labored. 
I2: 15.  Oxygen gave out.  Started  continuous flow of air with 20  remissions 
per  minute. 
12: 18.  Heart  172, respiration  42. 
12:2o.  Air  supply  discontinued  for  3o  seconds:  heart  slowed  powerfully, 
dilated. 
12 : 35-  Heart  144, respiration  48. 
12:54.  Positive pressure  stopped  for  one  minute;  slowed  swiftly to  only  a 
few beats,  dilated.  Started  air  stream:  heart  recovered  swiftly. 
12:58.  Lower  lobes of  lungs  taken  outside of  thorax  and  held  with clamps. 
I:O4.  Heart  84,  very  irregular;  respiration  24. 
I:II.  Heart  3o,  respiration  6  per  minute. 
I:14.  No  respiration  and  no  femoral  pulse;  heart  beats  feebly. 
x: I5.  Heart  stopped. 
In  the first part  of  this  experiment, with  a  continuous oxygen, 
stream, the respiration gradually slowed and became labored, appar- 
ently on account of the running down of the oxygen pressure in the 
tank.  With the institution of the air  stream with remissions, the 
respiration improved at once and for forty-three minutes the animal 
continued to  be  in  good shape.  As  soon,  however,  as  the  lower 
k~bes were  securely dislodged  from their  position,  the  respiration 
rapidly  slowed  down  until  it  stopped  completely  about  sixteen 
minutes later. 
Apparently the Brauer method, even with  regular  intermissions 
in the positive pressure, is incapable of maintaining the life of an 
animal with  a  double pneumothorax when the lower lobes  of the 
lungs are completely dislodged. 
We  shall  mention here  one  or  two  experimental  observations 
which are of some interest but which did not come out with special 
sharpness in the protocols of the experiments reproduced here.  In 
the first place, the pressure which keeps up a  certain degree of dis- 
tension of the lungs, is invariably insufficient to redistend the lungs 
to  the  same  degree  as  before,  after  they  are  well  collapsed.  To 
accomplish this,  a  much higher pressure  must be  employed  for  a 
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collapse.  This is true for the insufflation, as well as for the Brauer 
method. 
In  the  insufflation  method,  the  increase  of  the  pressure  is  accomplished  in 
a  simple  and  convenient  way by a  short,  lasting pressure  upon  the  larynx.  In 
the  laboratory  Brauer  method,  this  can  be  accomplished  by  compressing  the 
tube  of the  water valve.  However, in  the  large chambers  for differential  pres- 
sure,  employed in human surgery, the increase  of pressure could  be accomplished 
only by increasing  the  pressure  outside  of  the  chamber.  Furthermore,  in  the 
insufflation  method  the  interruptions  employed  are  of  very  short  duration  and 
the  lungs  are  only  slightly  reduced  in  volume.  In  surgery,  however,  where 
the  interruptions  in  the  positive pressure  a  few  times  a  minute  are  instituted 
as  a means of artificial  respiration and the lungs  are permitted to collapse com- 
pletely,  a  distinctly  higher  pressure  will  have to be  employed  for the  attaining 
of  a  satisfactory redistention.  It  does  not  seem  to  us  that  this  indispensable 
procedure is  employed  in  surgery;  at least,  we are not  aware that  any surgical 
writer  speaks  of it  especially. 
The knowledge  of this  fact is also indispensable  in  some experimental obser- 
vations.  For  instance,  in  comparing the  recuperative power  of the  heart  after 
a  prolonged  interruption  of  the  air  stream,  it  is  necessary  to  take  into  con- 
sideration  the  fact  whether  extra  pressure  was  employed  for  the  redistention. 
The  reason  for  this  requirement  is  obvious.  The  original  in- 
crease  of  pressure  is  instituted  while  the  thorax  is  closed  and  the 
lungs  are  normally  distended;  the  additional  pressure  is  utilized 
entirely  for  bringing  about  an  additional  distension.  After  the 
lungs  become  collapsed,  a  certain  degree  of  capillary  adhesion  is 
formed  between  the  walls  of  some  bronchioli  and  alveoli.  The 
original  pressure,  therefore,  is  now  insufficient  to  overcome  two 
obstacles,--the  capillary  adhesion  and  the  elasticity  of  the  lungs. 
DISCUSSION. 
In our experiments, the openings in both pleural cavities were not 
excessive; but  they  were,  nevertheless,  definitely  much  larger  than 
the  lumen  of the  trachea  and  still  more  so  than  the  intraglottideal 
space.  Air entered,  therefore, with much greater readiness through 
the  artificial  apertures  into  the  pleural  cavities  than  through 
the  trachea  even  into  inflated  lungs.  Furthermore,  the  lungs  did 
not  fill  out  the  pleural  cavities,  so that  even the  lower lobes of  the 
lungs  did  not  come in  contact  with  either the  anterior  walls  of the 
chest  or  the  anterior  part  of  the  diaphragm,  especially  when  the 
openings  were  made  in  the  seventh  intercostal  space.  The  move- 
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contribute to the exchange of gases within the lungs.  Nevertheless, 
the exchange which actually took place was apparently sufficient to 
maintain the life of the animal for two hours or longer.  On the 
other hand, it was constantly observed that life terminated promptly 
as soon as the posterior parts of the lower lobes of both lungs were 
completely  dislodged  from  their  position.  The  shortest  time  in 
which  the  animal  died  after  the  dislodgment  was  about  three 
minutes;  the  longest  time  was  about  twenty-six  minutes.  The 
longer period occurred when the lungs repeatedly fell back into their 
normal position, or when the dislodgment was otherwise incomplete. 
It  is  a  noteworthy point that  after  the  dislodgment of  the lower 
lobes death seemed to occur sooner, the longer the animal was ex- 
posed to the positive pressure with a  double pneumothorax before 
the  dislodgment took  place.  It  is  probable  that  there  are  many 
other factors capable of determining the length of time an animal 
survives  the  dislodgment  of  the  lower  lobes;  for  instance,  per- 
haps the size of the openings, their locations in the intercostal spaces, 
the previous handling of the lungs, the degree of the positive pres- 
sure  employed, etc.; but  none of  these  factors  was  studied syste- 
matically enough by us to allow a  positive opinion regarding their 
merits.  On the other hand, we may readily admit that there might 
be conditions in which an animal, under differential pressure, may 
survive  the  complete  dislodgment  of  the  lower  lobes  even  with 
longer  periods  than  those  observed  by  us;  but  in  all  probability 
the final  fate  will be  postponed but not obviated. 
The complete dislodgment of the lower lobe of one lung made, 
in the few cases we have studied, the respiration somewhat labored 
and definitely slowed, but in no case  did this  dislodgment lead to 
the death of the animal, at least not within the period during which 
the animal was observed by us; that is,  for  forty or fifty minutes 
after the dislocation of the lobe. 
The detrimental effect of the dislodgment was  chiefly upon the 
respiration  which  soon  began  to  slow  down  until  it  completely 
stopped.  The  heart  slowed  down  at  first  only  moderately,  and 
without exeeption the  heart continued to  beat  after  the  complete 
stoppage of the respiration.  Evidently the failure of the heart was 
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The  rapid  respiratory failure could not have been  due to  reflex 
action by the way of the vagi,  for the rapid  fatal  course was  the 
same, whether the vagi were intact, or were eliminated by atropin, 
or cut half an hour before the dislodgment of the lower lobes took 
place.  It is true that simple cutting of both vagi slows the respira- 
tion  considerably,  sometimes  as  low  as  ten  or  nine  per  minute. 
But  the animal is  able  to  live and to be in  good  shape  for a  long 
time with this slow respiration, the heart beats remaining unchanged 
and the color of the lungs and the blood being pink.  Apparently 
the cause of death after the dislodgment of the lower lobes of the 
lungs in double pneumothorax under the Brauer method is asphyxia. 
This  fact  has  a  practical  and  a  theoretical  significance. 
From  a  practical  point  of  view,  it  is  evident  that  in  using  dif- 
ferential pressure,  positive or negative, it is  dangerous to  perform 
such operations upon intrathoracic organs which require a  dislodg- 
ment of the lower lobes of the lungs.  And even when both  lobes 
are  only partially  dislodged,  or  when the lower  lobe  of  only  one 
lung is completely dislodged, there might be some danger of a grad- 
ual development of asphyxia, especially when in the process of the 
dislodgment even the adjacent lung is  so handled as to drive out a 
great deal of the air of that part.  Furthermore, the positive pres- 
sure in use will be insufficient, as stated before, to  redistend prop- 
erly the atelectatic parts  and  place them in  proper  position.  The 
course of the  fatal asphyxia in the last mentioned conditions need 
not,  as  indicated  before,  be  a  rapid  one;  the  patient  might  even 
come off the table in a seemingly tolerable state with a slow respira- 
tion and a  tolerable circulation.  The insufficiency of the exchange 
of gases  may gradually lead to  a  quiet  fatal  termination  of  both 
functions.  ° 
As to the theoretical value of our results,  the experiments show 
definitely that the maintenance of the life of the animal under differ- 
ential  pressure  depends  upon the  proper  position  of  the posterior 
part of the lower lobes of both lungs.  Even if we assume that these 
9See,  for  instance,  W.  Meyer,  .qnn~ Surg.,  i9IO,  lii,  34.  Case  il,  operation 
on  right inferior lower lobe; patient  died on operating table.  Case  iii, operation 
on  left lower  lobe;  patient  died  about  one  hour  a{ter  operation.  Case  iv,  carci- 
noma  of  esophagus,  lower  end  of  tumor  about  one  inch  above  cardia;  patient 
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parts distend and retract in a widely open thorax to the same extent 
that they do in a  closed one, these parts form only a  comparatively 
small  fraction of  the  entire lungs.  The  experiments teach  us,  in 
the first place, that the life of the animal may continue, seemingly 
in a perfectly satisfactory condition~ under a  respiration which pre- 
sents  only  a  small  fraction  of  the  normal  respiration.  We  may 
recall here the  fact that the complete dislocation of the lower lobe 
of only one lung does not yet terminate the life of the animal,  at 
least not for a  time.  Accordingly, the requirement of exchange of 
gases  for maintenance of life is  indeed very small compared with 
that which actually takes place in normal conditions. 
We now return to  the original  puzzling question,  How  can the 
exchange of gases,  necessary for keeping up  life,  be accomplished 
in  the presence of openings in  the thorax  which are much larger 
than the lumen of the trachea ?  We answer, in the first place, that 
our  conception  of  the  degree  of  respiration  which  is  absolutely 
necessary for the maintenance of life is based upon the observation 
of  the  normal  respiration,  and  is  thoroughly  erroneous.  The 
normal respiration shows the function in a luxurious state, when it 
is  provided  with  an  abundance  of  factors  of  safety.  The  actual 
necessity of respiratory function for the mere maintenance of life 
amounts  only to  a  small  fraction  of  the  normal  respiration;  and 
this small fraction is present even in a  double pneumothorax, when 
the lungs are distended by extra pressure, positive or negative. 
The  following  considerations  will  show  us  some  essential  points  of  the 
advantages  of  the  differential  pressure.  When  the  lungs  are  subjected  to  the 
atmospheric  pressure  in  a  double  pneumothorax  without  the'neutrallzing  action 
of  a  differential  pressure,  most  of  the  air  is  driven  out,  and  the  walls  of  a 
good  many  of  the  alveoli and  the  bronchioli  become  conglutinated  by  capillary 
adhesion.  In  the  presence  of  wide  openings  of  the  thorax,  the  fraction  of  air 
pressure  to  which  the  lumen  of  the  trachea  is  entitled  during  an  inspiratory 
distention  of  the  thorax,  is  insufficient to  overcome  the  combined  resistance  of 
the  capillary  adhesion  of  the  alveoli  an4  the  elasticity  of  the  lung  tissue,  and 
no  exchange  of  gases  can  take  place within  the  lungs;  the  result  is  therefore  a 
rapid  suffocation.  The  proper  position  of  the  lower  lobes  of  the  lungs  is 
under  these  circumstances  of  no  advantage.  Under  the  influence  of  a  proper 
differential pressure,  positive or negative, the alveoli and  bronchioli remain  open 
even if the  entire  outer  surface of  the lung is exposed  to  atmospheric  pressure, 
and  capillary  adhesion  is  not  a  disturbing  factor  in  the  mechanism  of  the 
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with  the consequent  detrimental factor  of  capillary  adhesion  is  indeed  the  chief 
service  which  the  Sauerbruch  and  the  Brauer methods  render  to  the  respiration 
in  the  face  of  an  open  pneumothorax.  But  the  differential  pressure  has  no 
share  in  the  respiration  itself;  this  has  to  be  accomplished  by  the  respiratory 
movements of the animal.  These  movements, however,  render no  service to  the 
proper  exchange  of  gases,  if  the  atmospheric  air  has  an  unrestricted  access  to 
the  entire  outer  surface  of  the  lungs;  the  quota  of  air  which,  under  these 
circumstances,  may  enter  and  leave  the  lungs  by  way  of  the  trachea,  is  by  far 
too  small  to  support  the  processes  of  life.  Our  experiments  have  shown  that 
at  least  the  posterior  part  of  the  lower  lobe  of  one  lung  must  remain  in 
position  and  be  free  from  the  direct  access  of  air  to  the  outer  surface, 
if  the  exchange  of  air  should  be  sufficient  to  keep  up  life. 
If we leave for the present the discussion of the manner in which 
these parts  assist  in  the exchange of gases,  it  is  evident that  this 
rudimentary  respiration  presents,  as  stated  before,  only  a  small 
fraction of the exchange of gases which takes place in the normal 
respiration with closed thoracic cavities.  In discussing the factors 
of safety with which the lungs are provided, it was said : "We have 
here, with regard to the quantity of tissue, a  factor of safety equal 
at  least  to  two,  which  does not  appear  an  excessive margin con- 
sidering the  importance of the  function which  that  tissue  has  to 
carry out. 'u°  Our experiments show that the  important  function 
of the exchange of gases is provided indeed with a great abundance 
of  factors  of  safety.  Indeed,  Sauerbruch,  n  who  removed large 
parts  of the thorax without finding that  the normal course of the 
respiration of the animal placed in his cabinet was seriously affected 
by it, came to the conclusion that "das Atmungsbedfirfniss ein sehr 
geringes ist."  I-Ie  states that the first appearance of dyspnea occurs 
when the  respiratory volume is  reduced to  one tenth or one half 
of  the  normal.  Without  laying  stress  upon  definite figures,  we 
believe that,  with  regard  to  the  abundance of  factors  of  safety, 
the  respiratory  functions  of  the  lungs  may  be  readily  compared 
with  the glycolytic function of  the  pancreas,  of which  gland  we 
know  that  the  retention of  one  tenth  is  sufficient to  prevent  the 
acute onset of diabetes. 
In  the  gradual  reduction  of  the  thoracic  cavity,  Sauerbruch 
removed consecutively various parts of the thorax without pointing 
lo Meltzer,  ]our.  Am.  Med.  Assn.,  19o7, xlviii,  655. 
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out especially which residual part of the thorax is the most essen- 
tial  for  the  maintenance  of  the  respiratory  function.  In  our 
experiments, we practically did not destroy any part of the thorax; 
we only made wide openings in the intercostal spaces,  one on each 
side of the thorax.  Nevertheless, simple dislodgment of the pos- 
terior parts  of  each lower lobe  was  sufficient to  cause  the  death 
of  the  animal  in  a  short  time,  and  this  often  when the  positive 
pressure  kept  the  upper lobes  so  well  distended as  to  fill  out  the 
upper parts  of the  intact  thorax.  Only when the  openings  were 
made in  the  seventh  intercostal  space  and  the  lower lobes  which 
were separated  from the  diaphragm were  tightly pressed  upward 
by means of a gauze strip,  could the respiration be maintained for 
some  time.  We  have,  therefore,  sufficient  reason  for  the  claim 
that under differential pressure it is essentially the close approxima- 
tion of the posterior part of  the lower lobes  to  their normal s~r- 
rounding which keeps up the indispensable minimum of respiration. 
As to the mechanism by which the fraction of respiration is ac- 
complished,  Sauerbruch  describes  it,  for  the  case  in  which  the 
sternum and the ribs  are  removed, as  follows: By the expiratory 
movement of the diaphragm headwards, the lungs become slightly 
compressed and some air is  driven out,  which partly escapes out- 
side through the  trachea and partly  enters into  the  free parts  of 
the  distended  lungs.  During  the  inspiratory  contraction  of  the 
diaphragm, the lower parts  of  the  lungs,  becoming relieved  from 
the  expiratory  pressure,  redistend,  and  thus  aspire  air  again. 
Sauerbruch apparently assumes  that  the  expiration in  these  cases 
is  an active process,  presumably by the  aid  of the  contraction of 
the abdominal muscles.  We have had, however, experiments with 
the  Brauer method in  which the cord was  cut at  about  the  sixth 
cervical vertebra.  Here  the  abdominal  muscles  were  eliminated, 
and  the  respiratory  muscles  of  the  thorax  could  not  contribute 
much to the respiration; nevertheless, the animal continued to live 
in  the  same  satisfactory  condition  as  an  animal  with  an  intact 
cord.  On the basis of our experiments, we are inclined to assume 
that the respiration is carried on essentially by the inspiratory action 
of the diaphragm.  As long as the lower lobes of the lungs are in 
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traction  of  the  posterior  part  of  this  chief  inspiratory  muscle  is 
capable of producing an efficient inspiratory distension in the adja- 
cent  part  of  the  lungs.  The  negative  pressure  created  in  the 
lower  and  posterior  part  of the  thorax  by  the  contraction of  the 
posterior  part  of  the  diaphragm,  can  become  compensated, more 
readily by the entrance of air into  the adjacent parts  of the lungs 
than by the pressure exerted upon the outer surface of the anterior 
parts  of  the  lungs  exposed  directly  to  the  atmospheric  pressure. 
The alveoli and bronchioli of the lower and posterior parts of the 
lungs are kept open by means of the positive pressure and are thus 
in  direct communication with  the  atmospheric air,  while  they are 
separated from the atmospheric pressure resting upon the outer sur- 
face of the exposed lung by innumerable elastic air cells. 
On the basis of our experiments and of those of Sauerbruch, we 
arrived at the conclusion that respiration in animals with mutilated 
chests under differential pressure presents a  very small  fraction of 
the extent of the respiration which takes place with unopened chest 
cavities.  In  the  experiments  of  Sauerbruch,  the  thorax  of  the 
animal  was  removed  in  a  manner  which  would  never  occur  in 
human  surgery.  In  our  experiments,  however,  the  thorax  was 
opened  only  in  the  intercostal  spaces  and  was  surely  not  more 
mutilated than in any surgical operation.  It was shown, neverthe- 
less, that life was sustained only by the normal position of the lower 
lobes of the lungs,  which means,  as shown,  that life in  these con- 
ditions is sustained only by a small fraction of the normal exchange 
of gases.  Now  these  facts  bring  into  prominence another  aspect 
of the  differential pressure  methods  which  is  of  considerable  im- 
portance.  During  an  intrathoracic  operation  under  differential 
pressure,  the [unction  of respiration  of  the  operated  individual  is, 
to say  the  least,  deprived  of  all  or  most  of  its factors  of safety. 
Let  us  consider  what  this  might  signify.  In  a  large  number  of 
instances, it was shown  12 that the mechanisms of the animal organ- 
ism are built on the same plan as human machines; that is,  with a 
provision of a large number of factors of safety.  For the absolute 
safe working, a  structure or a  machine must be constructed on the 
following plan:  it must  (I)  be able to accomplish the work neces- 
12 Meltzer,  Your.  Am.  Med.  Assn.,  loc.  cit. ]WT.  AT.  EST. 
C. 6. 
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sary to meet the average demand; it must  (2)  also be in absolute 
readiness to meet the exceptional demands now and then occurring; 
and to both  (3)  an extra safeguard must be added to be in readi- 
ness to meet entirely unforeseen exigencies.  This third addition is 
termed  in  engineering  "factors  of  safety."  The  extent  of  this 
last  addition  varies  with  the  design  for  which  the  machine  or 
structure is built.  We  need not dwell here  on the details  of this 
problem.  In  our  concrete  subject,  it  is  evident  that  the  small 
fraction of respiration present in an open thorax under differential 
pressure is surely bare of any  factors .of safety.  Furthermore,  it 
is highly probable that it would fail to meet even the expected ex- 
ceptional  failures  like  shock,  fall  in  blood-pressure,  irregularities 
of  respiration  and  the  heart.  In  our  experiments,  we  met  with 
facts  which indicated that  the  respiration under positive pressure, 
which gave  the  appearance  of  keeping up  life  satisfactorily,  was 
actually undermining the efficiency of the two most important fac- 
tors of life,--the respiratory center and the heart.  In the protocols 
of  the  experiments  reproduced above,  instances  will  be  found  in 
which, when the positive pressure was interrupted for only a  very 
short time there was immediately a  strong falling off in the activi- 
ties of the heart and the respiration, while in the experiments under 
the  insufflation  method,  such  an  intense  effect  was  not  brought 
about  even by  interruptions  lasting  for  a  longer  period  of  time. 
Furthermore, in the Brauer method, the recovery of these functions 
after  the  restoration  of  the  positive  pressure  was  usually  very 
slow.  Finally,  if,  after  the  dislocation  of  the  lower  lobes,  the 
respiration stopped and the heart became  feeble,  the institution of 
insufflation or of efficient artificial respiration failed to restore life, 
especially when the animal was previously for a long interval under 
the Brauer method; while after the interruption of the insufflation 
method, the animals may be often readily revived even minutes after 
the heart  stood still.  All these  facts  go to  show  that  during the 
respiration under the over-pressure method, while the animal con- 
veys  the  impression  of  being  in  a  normal  state,  the  center  of 
respiration  as  well  as  the  heart  muscle  fibers  lose  apparently  a 
great deal of their efficiency, so that  a  comparatively unimportant 
incident interferes greatly with their activity and might even termi= 
hate  completely their vitality. 590  Status  of Respiration. 
In  other  words,  the  function  of  respiration  under  differential 
pressure is deprived of all factors of safety, and is, in all probability, 
even incapable  of  meeting exceptional  emergencies; the  power  of 
resistance,  as  well  as  the  recuperating  power  of  the  respiratory 
center  and  of  the  cardiac  mechanism  during  respiration  under 
differential pressure are greatly undermined.  In short,  the life of 
the individual with an open pneumothorax under differential pres- 
sure is exposed to a  variety of grave dangers. 
Several cases of deaths  were reported as  occurring while under 
differential  pressure  or  right  after  it.  They  were  explained  as 
having been caused by shock or some vagus reflexes.  We shall not 
discuss  shock.  But  that  death  is  produced  by  vagus  reflexes,  is, 
to  say the least,  as yet an unestablished  fact.  In our experiments 
with the Brauer method, we have, at various times, stimulated the 
intact vagi, or the ends of the cut vagi, with electric currents strong 
enough to stop the heartbeats and also the respiration.  In no case 
have we observed any kind of a  permanent detrimental effect from 
it.  Neither did we observe any kind of an effect worth  speaking 
of  from stimulation  of  any part  of  the  parietal  pleura.  Cutting 
of both  vagi  brought  on an acceleration of  the heart beats  and  a 
slowing of the respiration. 13  But the animals continued to live for 
some  time after  the cutting,  apparently  in  the  same  safe state  as 
they were before.  For the present, we have every reason to assume 
that the deaths occurring under differential pressure, if they were not 
brought about by the dislodgment of the lower lobes of the lungs, 
were caused, in the last instance, by the low state of the function of 
respiration,  which  for  some  time  has  been  deprived  of  all  safe- 
guards,  so that the slightest incident could bring on an irrevocably 
fatal effect. 
Turning now to  our experiments made with intratracheal insuf- 
flation, we can be very brief.  In all the experiments, the complete 
dislodgment of the lower lobes  of the lungs  had  not  the  slightest 
detrimental effect upon the further course of the life of the animal; 
19 With  regard  to  our  observations  upon  the  stimulation  of  the  vagi  and 
pleural cavity, we have to  recall the fact that  in all  our  experiments the animals 
were under  ether anesthesia.  But  so were the patients  in  which sudden  deaths 
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they lived as long as they were permitted to live,--for an hour or 
two, or longer.  And even with the lower lobes of the lungs outside 
of the thoracic cavity, when the insufflation was interrupted for a 
minute or two and  the lungs  completely collapsed,  the  respiration 
and heart did not stop readily, and when they did stop,  the resump- 
tion of insuffiation usually restored the heart and respiration fairly 
rapidly.  We need not be surprised at that,  since even completely 
curarized animals will continue to live under the method of intra- 
tracheal insufflation.  It may perhaps be pro~table to point out the 
extent  of  the  factors  of  safety with  which  this  method  is  sur- 
rounded.  The respiratory surface in the alveoli is separated from 
the air by the long shaft composed of the mouth, pharynx, larynx, 
trachea, and bronchial tree.  The entire neuro-muscular respiratory 
apparatus is created for the purpose of causing ventilation through 
this long, winding air shaft.  In the method of intratracheal insuf- 
flation, air is forcibly brought down to the lower end of the trachea 
and is driven out by the same force.  The longest part of the air 
shaft is in this way cut out,  and there remains only the bronchial 
tree which separates the respiratory surface from the  fresh air at 
the  bottom  of the  trachea.  It  was  shown  by  experiment  ~4  that, 
when the insuflJation  tube within the trachea is in proper proportion 
to the lumen of the trachea, the continuous insufflation is sufficient 
to keep up the life of curarized animals for many hours.  This im- 
plies that the driving of air forcibly to the end of the trachea affects 
also  the  air  within the bronchi so  as  to  facilitate there a  mixing 
and diffusion of the gases  to  an extent which, under certain con- 
ditions,  is  sufficient to  maintain life  without  the  aid  of muscular 
movements  of  the  thorax.  In  the  non-curarized  animals,  with 
which we deal here, the respirations of the animal itself are added 
to the insuffiation.  The extent of this  respiration is at least equal 
to that occurring in the Brauer method, but it must be remembered 
at  the same time that in the Brauer method the  fresh air is  to be 
obtained only at  the mouth of the  individual  (in  the  chamber or 
mask),  while in the  insuffiation method the  fresh air  is  met with 
already at  the  end  of  the  trachea.  Finally,  in  the  insufflation 
method in the practical form in which it is now used, the continuous 
34 Meltzer  and  Auer,  ]our.  Exper.  Med.,  19o9, xi,  622. 592  Status  of Respiration. 
stream is interrupted several times per minute.  The  interruptions 
are  of  short  duration;  but  during  each  interruption  the  lungs 
collapse slightly and drive out the carbon dioxid-laden air  from the 
bronchi into  the domain of the trachea;  and at  the instant  of  the 
resumption of the insufflation, fresh air is driven directly down into 
the bronchi.  These  remissions  are  all  sufficient to  ventilate  com- 
pletely the bronchial tree.  With an interrupted insufflation we are 
capable of keeping up the life of thoroughly curarized animals  for 
many hours  in  a  very  satisfactory s,ta~e, and  with  a  stable,  good 
blood-pressure. 
In intratraeheal insulation,  then,  we have for  the maintenance 
of the respiratory function:  ( z)  the insujfiation which cuts out the 
dead space  of  the ventilation  shaft  to  the  end  of  the  trachea and 
causes some degree of forcible diffusion  of gases within the bron- 
chial  tree;  (2)  the short interruptions  of the insujfiation stream,  a 
procedure  which  acts  as  a  sort  of  artificial  respiration  and  is 
su;ficient  to ventilate completely the bronchial  tree; and (3)  the res- 
pirations  of  the  animal  itself.  All  three  processes  together  sur- 
round the function of respiration with an abundance of factors of 
safety equal at least to those of normal respiration.  In contrast to 
this  stands  the differential pressure relying alone upon the respira- 
tion  of  the  animal  itself,  which  under  the  given  circumstances 
amounts only  to a small fraction of the normal respiration. 
In  conclusion,  we  repeat  that,  although  our  experiments  were 
made  with  the  positive  pressure  method  alone,  our  results  apply 
with equal force to the negative pressure method, as there is prac- 
tically  no  difference between the two  methods,  at  least,  as  far  as 
the points brought out in this paper are concerned.  We have there- 
fore  often  spoken  in  this  paper  interchangeably  of  the  Brauer 
method and the methods of differential pressure. 
SUMMARY. 
The  maintenance of  life  of  an  individual  with  an  open  double 
pneumothorax under differential pressure depends essentially upon 
the normal position of the lower lobes of the lungs and their close 
approximation to the diaphragm, especially of the posterior parts of 
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iably to the death of the individual, which may occur in a very short 
time, or after fifteen to twenty-five minutes.  In all cases the respi- 
ration is affected first; it slows almost at once and stops invariably 
before the heart.  The result is the same whether the vagi are intact 
or both  nerves  are  cut.  Exceptionally,  respiration may  continue 
even after the separation of the lungs from the diaphragm, but only 
by  having  all  the lobes  well  approximated to  the  thoracic  walls. 
When by dislodgment of the lower lobes the respiration is stopped 
and the heart is feeble and slow, or stopped completely, it is rarely 
possible to  restore life by  artificial  respiration or by other appro- 
priate  means. 
The extent of the exchange of gases occurring in normal respira- 
tion, with closed thoracic cavity,  exceeds greatly the need for the 
maintenance of  life,  since normal respiration is  provided with  an 
abundance of factors of safety.  Under differential pressure, how- 
ever, life is carried on with an exchange of gases which amounts to 
a small fraction only of the extent of the exchange that takes place 
in  normal  respiration;  respiration  under  differential  pressure  is, 
therefore, deprived of all factors of safety and is incapable of resist- 
ing the dangers of exceptional incidents.  Deaths occurring in con- 
nection with the differential pressure have their cause essentially in 
this unguarded state of the function of respiration. 
Under  tracheal  insufflation,  the  function of  respiration  is  sur- 
rounded with  effective safeguards,  at  least  as  much as  is  normal 
respiration.  Dislodgment of  the  lungs  has  no  detrimental effect. 
After complete collapse of the lungs, capillary adhesions within 
the alveoli and the small bronchi become an additional obstacle to 
the  redistension and  respiration.  Differential  pressure  holds  this 
obstacle in abeyance. 
When the lungs become collapsed during an open pneumothorax, 
it should be kept in mind that the  force which is  required  for re' 
distension is greater than that which is sufficient to keep the lungs 
continually distended.  At the beginning of a  redistension, there- 
fore, a higher pressure should be employed for a  short time. 